Organelles in the axoplasm from the squid giant axon move along exogenous actin filaments toward their barbed ends. An -235-kDa protein, the only band recognized by a pan-myosin antibody in Western blots of isolated axoplasmic organelles, has been previously proposed to be a motor for these movements. Here, we purify this -235-kDa protein (p235) from axoplasm and demonstrate that it is a myosin, because it is recognized by a pan-myosin antibody and has an actin-activated Mg-ATPase activity per mg of protein 40-fold Organelles from squid axoplasm move toward the barbed ends of actin filaments (1-3). The actin-based motor responsible for these movements is intrinsic to organelles, because KI-washed organelles separated from soluble axoplasmic proteins by sucrose density fractionation move on exogenous actin bundles in the absence of cytosol (4). This actin-based motility is presumably mediated by a myosin.
Organelles from squid axoplasm move toward the barbed ends of actin filaments (1) (2) (3) . The actin-based motor responsible for these movements is intrinsic to organelles, because KI-washed organelles separated from soluble axoplasmic proteins by sucrose density fractionation move on exogenous actin bundles in the absence of cytosol (4) . This actin-based motility is presumably mediated by a myosin.
Although the myosin family has recently been expanded by means of molecular techniques to include at least 10 subclasses, the criteria for defining these classes rest primarily on their sequences (5) . Existing information about these classes provides few clues as to which, if any, might be responsible for organelle movements. Thus, we set out to directly isolate the -235-kDa organelle-associated protein (p235) from axoplasm and confirm that it is a myosin.
Dissection of the axon and extrusion of its axoplasm provides a starting material enriched in the machinery of transport and devoid of cortical cytoplasm and nuclei (6, 7) . The composition of myosins in the axon sheath differs from extruded axoplasm, which contains at least five myosins ranging from 240 kDa to 150 kDa (2) . All of these axoplasmic myosins are present in the supernatant after sucrose density fractionation of KI-solubilized axoplasm; however, only one, an -235-kDa band, cosediments with organelles through the gradient and appears to migrate at exactly the same molecular weight as the middle band of the three high molecular weight
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myosins present in the supernatant. Thus, like kinesin (8) , a putative organelle myosin also appears in a soluble form present in high enough abundance to be purified.
Despite the difficulty of obtaining the large amounts typically needed for protein biochemistry, we chose extruded axoplasm as the source of p235 because it has a relatively simple complement of myosins (2, 9) . We Isolation of p235. Axoplasm was extruded from thawed axons and triturated in half strength motility buffer (/2x) (10) containing 1 mM DTT and the protease inhibitors benzamidine, leupeptin, pepstatin, and aprotinin, all at 10 gtg/ml. For isolation of p235 from cytosol, 400-800 gul of axoplasm from 400-600 cm of axon representing approximately 40 animals was used. To release proteins and organelles from the dense axoplasmic matrix, extruded axoplasm was triturated in 0.6 M KI in 1/2x motility buffer for 10 min followed by 1:1 dilution in 1/2X motilty buffer containing protease inhibitors (11, 12) . KI (1996) 6065 ATPase Assay. Pellets were resuspended in AB solution (4) or HNM solution (2) , and ATPase was measured according to Bearer et al. (2) . Soluble phosphate was measured colorimetrically (14) . (17) . Absorbance of the column effluent was monitored at 210 and 280 nm.
For sequencing after SDS/PAGE, low-salt-precipitated protein from 800 t,1 of cytosol was pooled and electrophoresed through an 8.5% polyacrylamide curtain gel. Gels were stained with Coomassie blue, and the two low molecular mass bands, -17 and 10 kDa, were excised. Gel bands were subjected to in situ proteolytic digestion with endoproteinase Lys-C as described in ref. 18 , modified as follows: after extraction of the proteolytic peptide fragments from the gel, SDS was precipitated by addition of an equal volume (-200 ,ul) of 1 M guanidine hydrochloride and removed by filtration with a Millex-HV (Millipore) 0.45-p.m microfilter unit (19) . Filtered SDS-free digests were separated by RP/HPLC on the Vydac column (see above).
Selected fractions (125 ,/l) containing peptides were applied in 30-pl aliquots to a Biobrene (Applied Biosystems)-treated glass fiber filter and dried prior to amino acid sequencing on a model 477A pulsed-liquid protein sequencer equipped with a model 120A phenylthiohydantoin analyzer (Applied Biosystems) using methods and cycles supplied by the manufacturer.
Data were collected and analyzed on a model 610A data analysis system (Applied Biosystems). Sequences were compared with those in the SwissProt database using the FASTA command of the GCG software package (20) .
Cloning and Overexpression of the Calmodulin-Like Light Chain. Degenerate DNA primers were synthesized on the basis of the amino acid sequence at the amino and carboxyl ends of the light chain (21) [NGGATCCGCNAAAGAGTTNTC-NGAAAAGC and NAAGCTTNGGGTCATCAT(C/T)TT-NAC(A/G)AA] with the addition of a BamHI site at the amino end and an HindIII site at the carboxyl ends and used by RT-PCR to amplify the cDNA encoding this protein from total RNA extracted from squid optic lobe (22 (Fig. 1, lane  p) . The pan-myosin antibody identified this protein as the middle of the three high molecular weight myosins in axoplasm and demonstrated that this species is enriched in the low-salt precipitate compared to other myosins. Approximately onehalf of the -235-kDa myosin, which we shall refer to as p235, remained in the low-salt supernatant (Fig. 1, lane s) (Fig. 2a) . In contrast, replicas of p235 resuspended in 102 mM of salt revealed some twoheaded molecules as well as many single heads and other fragments, but no bipolar filaments (Fig. 2 b-f) (Fig. 3A) . Edman degradation of the low-salt pellet containing p235 yielded four sequences: (i) QIAEIKDAFDMFDIDGDGQI, (ii) XMGPTDPEKEMREAFXV, (iii) XXXXTPXDAEL-EEM, and (iv) XLGRTPXXAELEE. Exact matches to the squid optic lobe calcium-binding protein, cabo_lolpe (21) , for each sequence respectively were: (i) amino acids 8-27, (ii) (Fig. 3B) . The calmodulins are 98% identical to each other, but like the p235 light chain are 33% identical to RLC. This comparison also disclosed four conserved calciumbinding sites between the p235 light chain and the calmodulins, one of which is also present in the regulatory light chain. Furthermore, three of the four known serine/threonine phosphorylation sites identified in calmodulins (25) strating that this strategy produced an antiserum specific for this light chain (Fig. 3C ).
Calmodulin-Like Protein Cosediments with Axoplasmic
Organelles. The calmodulin-like putative p235 light chain was detected in Western blotting of the 15% fraction of a sucrose gradient loaded with KI-solubilized axoplasm and probed with the specific anti-light chain polyclonal antibody (Fig. 4, lane G) and Coomassie-stained gel (Fig. 4, (26) . This putative p235 light chain also cosediments with organelles.
Purification and Properties of p235. Since p235 was identified in axoplasm, which can only be obtained in small amounts, purification was of necessity a simple procedure depending on low-salt precipitation, a strategy used to purify both conventional (27) (28) (29) and unconventional myosins (30) . This simple purification scheme could not be expected to produce highly purified protein in abundance. However, Western blotting shows significant enrichment for the 235-kDa myosin compared to the other myosins detected in axoplasm. Furthermore, the low-salt-precipitated protein comigrated with the middle of the three high molecular weight myosins, the same migration as that of the myosin copurifying with organelles (2).
Because actin-activated ATPase activity suggests that p235 is a myosin, the structure of p235 frequently seen in glycerol spray preparations-two heads larger than those of myosin II and a thick tail shorter than that of myosin II-suggests that it is more similar to unconventional myosin V than to conventional myosin II (31) . That the head of p235 is larger than that of myosin II could be due to a longer amino acid sequence in the head domain (32) or to the presence of a large number of light chains (31) . Its 
